SUMMARY Three serological tests for the detection of gonococcal antibodies were compared: an enzyme-linked immunosorbent assay (ELISA), an indirect haemagglutination reaction (IHA), and a gonococcal complement-fixation test (GCFT). The ELISA was performed with gonococcal pili of a Rotterdam strain (1443) as antigen, the IHA with pilus antigen of an American strain (2686, Buchanan), and the GCFT with whole gonococci of a single strain (46695, Oliver) as antigen. The tests were performed on sera from the same groups of Dutch patients; samples of sera were taken at the first examination and generally 11-22 days later.
Introduction
At present, the most interesting gonococcal antigens for use in serological tests and as vaccine are pili and outer-membrane protein complexes.'-5 Buchanan and colleagues2 were the first to report promising results obtained with a radioimmunoassay (RIA) using gonococcal pili of strain 2686 (USA) as antigen. The sensitivity was 44070 and 86% in sera from men and women with uncomplicated gonorrhoea respectively, Reimann and colleagues6 obtained almost equally good results with an indirect haemagglutination reaction (IHA) using a mixture of gonococcal pili of two strains.
In this study we compared an enzyme-linked immunosorbent assay (ELISA) using gonococcal pili of a Rotterdam strain (1443) with the IHA using pili of Buchanan's strain 2686 and the gonococcal complement fixation test (GCFT) routinely used in the Netherlands, in which whole gonococci of a single strain (Oliver) were used as antigen.
Patients and methods
DIAGNOSIS
Between September 1977 and July 1978 sera were obtained from patients with and without gonorrhoea attending an STD clinic at the University Hospital in Rotterdam. Samples were taken from the cervix, urethra, rectum, and oropharynx of women and from the urethra, oropharynx, and rectum (from the latter site only if indicated) of men. Each specimen was cultured on selective Thayer-Martin medium' and on chocolate agar medium without antibiotics. Oxidasepositive colonies were identified as gonococci by means of Gram-stain microscopy and sugar fermentation reactions. If cultures of specimens collected at the first and a second attendance (after 1-2 weeks) were negative, the patient was considered not to have gonorrhoea. PATIENT 
GROUPS
Generally patients were included in the study only if two consecutive serum samples could be obtained at an interval of 11-22 days. They were then assigned to one of two groups.
Patients with gonorrhoea This included women with uncomplicated urogenital/rectal gonorrhoea (n = 104) who were subdivided into those with asymptomatic (n = 56) and those with symptomatic infections (n = 48); men with uncomplicated urogenital/rectal gonorrhoea (n = 129) who were subdivided into those with 1-4 days of symptoms (n = 79), those with 5-30 days of symptoms (n = 34), and those who fell into neither of these two groups (n = 16); patients (n = 33) with oropharyngeal gonorrhoea (27 of them had also urogenital/rectal infections); and patients with complicated gonococcal infections (n = 11). Six of the patients had a disseminated gonococcal infection, one Bartholinitis, three epididymitis, and one a rectal abcess.
Patients without gonorrhoea This included women attending the clinic for a routine examination for STD (n = 28); prostitutes (n = 21); men attending the clinic for a routine examination for STD (n = 72); and men with non-gonococcal urethritis (NGU) (n = 83). The first and second serum samples were tested in the same run: all sera, including the controls, were tested in duplicate.
INDIRECT HAEMAGGLUTINATION REACTION (IHA)
The IHA was carried out as described by Reimann and Lind9 using purified gonococcal pili of Buchanan's strain 2686 (USA) as antigen. Pilus antigen was purified according to the method of Hermodson et al.'0 The titre of a given serum specimen was recorded as the reciprocal value of the lowest serum concentration giving a positive reaction. Titres >40 were considered to be positive.
GONOCOCCAL COMPLEMENT FIXATION TEST (GCFT)
The GCFT was performed as a mechanised microtechnique using Ames Autotiter instrument. Briefly, 0 05 ml inactivated serum was automatically added to the U-shaped cups of clear Conphar trays and diluted in two-fold dilutions from undiluted to 1/512 in 0 85% saline. Antigen (0 025 ml) and complement (0 05 ml) were then added to each cup and the reagents incubated overnight at 4°C. The Of the sera obtained from men with uncomplicated gonorrhoea (n = 129) the sensitivity of the ELISA and In men reporting for a routine examination the specificities of the ELISA, IHA, and GCFT did not differ significantly. The specificity of the GCFT was higher than that of the IHA. Test specificity of sera from men with non-gonococcal urethritis (NGU) was slightly lower than that in the preceding group. In this group the difference between the ELISA and IHA on DI sera just escaped significance (84%7o versus 75%7o). Only on D2 sera did the GCFT show a higher specificity than the ELISA (P<0 05). The GCFT was significantly more specific than the IHA (P<0-01).
Comparison of the various groups showed that the only significant difference in ELISA specificity was found in sera from women attending for a routine examination and prostitutes on D2. The results obtained on D2 did not differ significantly from those on Dl. 
The specificities of all three tests was high in the blood donors (n = 119) and children (n = 58).
DEGREE OF AGREEMENT BETWEEN THE TESTS
The agreement between the tests was measured using the coefficient of agreement x and is shown in table III. When the two tests agree only by chance, the expected (nc) and the observed (no) numbers were about equal.
The ratio (n. -nc )/(N -n,) is known as the coefficient of agreement x. For the agreement between the ELISA and GCFT, x = 0 44 and for that between ELISA and GCFT, x = 0 26. Nearly the same result was obtained when the IHA and GCFT were compared, namely x=0O20. We performed a comparative study ofthree tests: an ELISA and IHA, using two different gonococcal pili as antigen, and a GCFT using whole gonococcal cells as antigen. We found that sensitivities of the ELISA and IHA were highest in sera from patients with complicated gonococcal infections and oropharyngeal gonorrhoea, in asymptomatically infected women, and in men with 5-30 days of symptoms of uncomplicated gonorrhoea. The sensitivity of the GCFT was very low in the uncomplicated infections. In uncomplicated gonorrhoea the highest sensitivity (27%) was obtained on sera collected on D2 (11-22 days after the first examination) for women with symptomatic infections. In oropharyngeal gonorrhoea the sensitivity of the ELISA was significantly higher than that of the GCFT, and nearly significantly higher than that of the IHA. Only in sera from symptomatic infected women and men with 5-30 days of symptoms of uncomplicated gonorrhoea did the ELISA and IHA differ significantly in sensitivity (IHA being superior). The ELISA generally was slightly more specific than the IHA, but its sensitivity was slightly lower except in oropharyngeal gonorrhoea, where it was superior to the IHA. Using the coefficient of agreement x, we found a higher degree of agreement between the ELISA and IHA (x = 0 44) than between each of these tests and the GCFT (x=026 and 0 20 The two pilus tests are far more sensitive than the GCFT, but the specificity of the latter is higher in highrisk groups. The low specificity of the pilus tests in these groups was partly due to the large proportion of patients with a history of previous gonococcal infections. Buchanan et al, 2 Reimann et al, 9 
